The objective of this study was to evaluate the effect of wheat flour substitution by 3 toasted corn, quinoa and sorghum flours on the overall perception and texture of 4 typical Spanish small cakes named madeleine. In order to evaluate these 5 characteristics, a Texture Profile Analysis (TPA) and a sensory analysis were carried 6 out. TPA showed that the replacement of wheat flour by sorghum flour do not 7 affected significantly texture parameters of cakes. Hedonic sensory tests were also 8 conducted revealing that the cake prepared with sorghum flour was highly 9 appreciated by the consumers as it got scores similar to traditional cakes made with 10 wheat flour. 11 12
From a commercial perspective, the development of gluten-free cakes with texture 28 and flavor properties similar to the conventional wheat flour may be an interesting 29 objective. Bakery products, particularly cakes, represent as one of the most 30 consumed foods around the world. Sponge cakes, cupcakes, muffins or traditional 31 small cake (madeleine) are connected in the consumer's mind as a delicious product 32 with particular organoleptic characteristics (Matsakidou et al., 2010) . The worldwide 33 market of cakes currently grows with about 1.5% a year. Challenges in this market 34 include cost reduction, increased shelf life and quality control (Wilderjans et al., 35 2013) . 36
A cake batter is a complex colloidal system which is processed by being heat set. 37
The baking of cakes leads to a light, aerated structure as well as to the formation of 38 volatile compounds result of the Maillard reaction (Matsakidou et al., 2010) . 39
Typical Spanish small cake (madeleine) formulation is composed of wheat flour, 40 sugar, eggs, milk and oil. All these ingredients have different contributions to the 41 sensory quality appreciated by consumers. Knowing interactions between ingredients 42 is possible to predict changes on their characteristics or to reformulate new products 43 (Baixauli Muñoz, 2007) . 44
The liquid phase is an essential component of bakery products. Water is added by 45 means of milk (Chiech, 2006) . The milk hydrates the starch of the flour, the swollen 46 granules began to expand and gelatinize when heated. Additionally, milk dissolves 47 e  v  i  e  w  O  n  l  y 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w  O  n  l  y gluten is diluted with eggs, fat and sugar and is therefore less concentrated than in 74 bread dough. Due to the lower viscosity of cake batter than of bread dough, less 75 friction and thus, less energy is exerted on the gluten during mixing (Cauvain & 76 Young, 2006) . Most authors agree that in cake batter, gluten serves as a viscosity 77 enhancing water binder (Donelson & Wilson, 1960; Wilderjans et al., 2008) . 78 Donelson and Wilson (1960) ascribed a greater importance to gluten proteins than to 79 starch in the formation of cake structure. Although the development of a gluten 80 network is limited in cake batter, gluten proteins may become important for cake 81 structure during baking (Kiosseoglou & Paraskevopoulou, 2006; Wilderjans et al., 82 2008) . 83
Substitution of wheat flour requires finding other flours from beans, rice and the 84 "ancient grains" like amaranth, millet, quinoa, sorghum and teff which do not have 85 gluten. Some of these flours such as teff, quinoa and bean do not generate the same 86 texture, and these alternative flours can generate different flavor profiles (Wilson, 87 2012) . 88
Currently, many of the gluten-free cakes that are available in the marketplace are of 89 low quality, exhibiting poor mouth-feel and flavor (Peressini et al., 2012) . The 90 gluten-and allergen-free bakery industry typically must select from a broad range of 91 ingredients to achieve the same level of functionality as in conventional formulas. 92
During gluten-free baking, these ingredients need to replace the attributes that gluten 93 lends to breads or baked products. When formulating products with gluten-free flour, 94 moisture content is critical. If baking an item that is expected to rise and the dough is 95 dry, it will be too dense. If the dough is too moist, the rise will be good but it will 96 collapse during breaking (Martínez-Monzó et al., 2013) . 97
In the current work the textural and sensory properties in reformulated typical small 98 Spanish cakes (madeleine) were studied with the aim to correlated consumer 99 preferences with objective physic-chemical properties. Gradually the flour and baking powder were added to the batter. Finally the stiff egg 116 white was added and the mixture. Baking was carried out at 150ºC for 12 min in a 117 mini combi oven steamer OES 6.06 (Convotherm, Manitowok, Eglfing, Germany). 118
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2.4.Sensory Analysis 129
On the sensory analysis, 87 panelists aged from 17 to 25 were recruited in 130
Universitat Politècnica de València. Panelists tasted and described attributes: 131 appearance, color, flavor, sponginess, texture, taste, after-taste, global acceptance. 132
For samples were examined (1 control and 3 alternative flours) in one hour session. 133
Each attribute was rated on a nine-point hedonic scale ranging from 1 (dislike 134 extremely) to 9 (like extremely). Madeleine samples were coded with 3-digit random 135 numbers and presented monadically. Samples were presented following a balanced 136 complete block design. Water was provided for rinsing during the session. 137 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Springiness, noted as elasticity, reflects how much the structure of tested gel is 150 broken down by the initial compression. High springiness gel results in few large 151 pieces during the first TPA compression whereas low springiness gel results in more 152 small pieces (Lau et al., 2000) . Cohesiveness measures the difficulty of breaking 153 down the internal structure of gel. Gumminess, as the product of hardness and 154 cohesiveness, usually is a complementary parameter of hardness (Zhu et al., 2008 
3.2.Sensory Analysis 169
In the sensory tests, fifty-four percent of the participants were female and the 170 subjects were between 17 and 25 years old. Table 1 presents the basic statistics  171 referring to the data collected using the 9-point scale. 172
In all attributes evaluated, wheat flour madeleine was the highest scored. Those 173 results were expected as wheat flour is widely used in the bakery industry and the 174 consumers are related with its sensory characteristics. 175
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